Abstract -The purpose of this project was to design, build and test a low cost prototype that transfers compact discs (CDs) from a spindle to a computer based testing station. This will speed up the CD production/testing interface and eliminate the need for manual operation. Along with a heavy product design technical component, the project included a real life educational experience for the four students who got credit for a one year advanced senior project. Various designs were considered and the optimal design (based on cost and performance) was prototyped.
INTRODUCTION DESIGN PROBLEM AND OBJECTIVE
The problem of automating a compact disc (CD) testing facility after CD production is an important problem to industries that mass manufacture compact discs [7] [8] . It can be assumed that the CD production process is automated in that newly manufactured CDs are placed on a spindle. The automation of CD testing avoids the need for a manual operator who would otherwise randomly selects several CDs and feed them to a testing system to verify their integrity. The system performs various inspection tests to determine if the CDs are satisfactory for recording and playing purposes and, if a problem or defect is found, the entire run of CDs is more thoroughly checked and the problem is rectified.
The project objective is to design, build and test a low cost prototype which transfers CDs from a spindle to a computer based testing station. This will speed up the CD production/testing interface and eliminate the need for manual operation. Along with a heavy product design technical component, the project included a real life educational experience for the four students who got credit for a one year advanced senior project. Various designs were considered and the optimal design (based on cost and performance) was prototyped.
PRELIMINARY DESIGNS
The students were first taken on an industrial field trip to observe CD fabrication. For the prototype configuration, several design factors that the team considered were the placement on the fabrication line, price comparison, and software development. Using these design factors and observations, three separate preliminary designs were evaluated.
The first design consists of two "Pick and Place" arms. It requires two arms because a "Pick and Place" arm can only obtain two positions per travel and our project contains three separate positions. This design would be placed on the side of the replication line. It would pick the CD from the line at a stop position after the metallizer. The design would be housed on a cart with the CD reader 180 degrees behind the first arm. The second arm would be I Faculty of Engineering, Rowan University, Glassboro, New Jersey, 08028 0-7803-6669-7/011%10.00 0 2001 IEEE placed perpendicular to the reader and retrieve the CD after inspection and place it onto a spindle (see Figure 1) .
The second design has a Berger Lahr arm, which rotates about the Y-axis. The arm would be located at the end of the line and would place a newly manufactured CD onto a spindle. The arm would then rotate past the spindle and place the CD into the reader. When the CD is finished inspection the arm needs to pick up the CD from the reader, place it on the spindle, and then go back to its home position to retrieve the next new CD (see Figure 2) .
The third design also incorporates the Berger Lahr rotating arm. Only one arm is needed for this design because it can be programmed to move to approximately 16 different positions. The design includes the arm, reader, controller, and spindle. This apparatus would be placed along the side of the replication line (see Figure 3) . These designs were evaluated based on complexity, price, and availability. Design 1 was quickly eliminated due to its high cost and complexity. Even though Design 2 is the least expensive, it was not pursued since extensive reprogramming would make the task even more difficult. Therefore, the final design (Design 3) was chosen. Since it is a stand-alone system, it can be manufactured and tested it in a lab before incorporation onto an actual production line. DESIGN 3 -THE CHOSEN DESIGN Figure 4 shows the electrical system of the prototype design. The controller is placed in the open. Therefore, a cover for the controller needs to be designed. This ensures that the operators' can't touch any open wires. A plexi-glass covering for the controller was used thereby preventing physical contact without hindering visual inspection. The plexi-glass was milled to the dimensions of the controller with rectangular pockets which allow it to fit evenly overtop. Finally small holes were drilled nto the controller itself, and the covering was bolted on. This unique design not only ensures that the user cannot touch any open wires, it also gives the project a nice aesthetic look. The next step is to incorporate the pneumatics into the system. A cylinder controls the disc pick-up head. The air source must be converted into a vacuum supply to pick up the compact disc. Therefore, there is the need to use an air system to get the head to move up and down and to pick up the disc. Figure 5 gives a diagram of the pneumatic system.
After designing the pneumatic system, a five-way valve is connected to the cylinder. When air is supplied to one end of the cylinder, a blow off is needed through the other end, otherwise the cylinder will never work. A coil is attached to the top of the valve so it can shift from one path to the other. A two-way valve is needed to act as a solenoid valve. This is connected in series with a venturi valve. The venturi valve transforms the airflow into a vacuum supply. The two-way valve acts as an on/off valve by turning the air supply on and off when entering the venturi. For the system, 0-78034669-7/01/%10.00 0 2001 IEEE this valve is normally closed because the vacuum is only required for short periods. Finally, software is written in the Berger Lahr langauge to control movement of the arm. Figure 6 is a photograph of the final design.
SUMMARY
The aim of this project was in designing, building and testing a low cost prototype which transfers compact discs (CD) from a spindle to a computer based testing station. This project was extremely successful both as a real life design experience for the students and as a learning experience for the faculty who were involved in supervising a "start from scratch" product design. The initial project definition was not specific in terms of the technical specifications that were required. Rather, the charge to the design group was more general. We only had the final goal in mind, namely,, to create an economical working prototype. This created the ideal situation for our students, they were faced with learning more about not only the technology but also about the context in which the technology is to be used. This is a lesson that we often do not have "time" to teach our students in the typical classroom situation. b w a n University's clinic program in engineering is the ideal place to explore not only traditional technical design but also a place where we can create for the students an opportunity to work on realistic engineering practice that we would all like our students to be aware of.
LEARNING OUTCOMES
The objectives of the junior/senior clinic course are: 
3.

4.
5. Demonstrate improved communication skills including written, oral, and multimedia. Conduct a patent search and write a patent disclosure for novel work.
The project described in this paper is an example o f a one year junior/senior clinic experience. Table 1 gives the assessment results based on student feedback. Students self-rated ability on applying engineering theory and design methodology Students self-rated ability on use of advanced engineering software Students self-rated ability on using laboratory equipment andor fabrication and testing 
